Objective: To evaluate the sensitivity and specificity of a self-administered food frequency questionnaire (FFQ)-used in a cohort of 48 000 men to determine dietary supplement use. Design: Questionnaire data regarding use of dietary supplements were compared with 14 24-h recall interviews spread over a year. Setting and subjects: A random sample of 248 middle-aged and elderly Swedish men was included in the analysis. Results and conclusions: Use of any supplement in at least one interview was reported by 51% (in three or more interviews by 38%). Sensitivity and specificity of the FFQ regarding any supplement use was 78 and 93%, respectively. Sensitivity for multivitamins, vitamins C and E was 69, 67 and 78%, respectively. The sensitivity increased to 93% and the specificity decreased to 88% when a user was defined as a person reporting use in at least three interviews. Conclusions: Dietary supplement use might be measured by a self-administered questionnaire relatively well especially when supplements are used more regularly.
Introduction
By using dietary supplements one can quickly and easily expand the range of exposure for a particular vitamin and/or mineral (Beitz et al, 2002) . Therefore, it is important to assess the use of dietary supplements because they may contribute a large portion of total (diet plus supplement) micronutrient intake-in some cases, several times more of a specific vitamin comes from supplements than from diet (Block et al, 1994) .
A population-based prospective cohort of Swedish men (COSM) including over 48 000 subjects living in central Sweden was established during the autumn of 1997 to investigate associations between diet, lifestyle and chronic diseases. The present study was conducted to evaluate sensitivity and specificity regarding self-administered reports of dietary supplement use.
To this methodological study performed 1995-1996, we invited 790 men (aged 40-77 y) from central Sweden, who had been randomly selected from the Swedish Population Register (Messerer et al, 2004) . Among them 255 men participated in 14 24-h dietary recall interviews regarding diet and use of dietary supplements. They were interviewed by telephone by a research dietician about once a month during 1 y, at random days, to cover variability in diet and especially in dietary supplement use. Respondents were asked to name all dietary supplements used during the last 24 h; some probing questions were used. After finishing all the interviews, the participants filled in a FFQ in which they were asked: 'Do you use dietary supplements?' and the answer alternatives given were, regularly, occasionally or never. Regular users were asked to specify further what kind of predefined supplement (multivitamins, vitamin C, E, A, bcarotene, selenium, magnesium, iron, zinc, calcium and fish oil) and how much (number of tablets or capsules/week) they used to take. Occasional users were asked to specify what kind of predefined supplement they used to take, but not how much. Furthermore, there was one open-ended question where the participants could fill in use of other supplements other than those that were prespecified in the questionnaire. We excluded seven subjects who reported extreme energy intake estimates (below or above mean 72.5 s.d. for log-transformed calories, cut points 812 and 4024 kcal). Thus, the final analyses included 248 men.
The sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of the FFQ in determining supplement use were calculated using the 14 24-h recall interviews as the reference method. Subjects reporting use of any dietary supplement in at least one of the 14 24-h recalls were considered as dietary supplement users. A subject was classified as a 'true positive' user of dietary supplements when any type of dietary supplement was reported in the questionnaire and in at least one 24-h recall interview. Individuals were classified as 'true negatives' if they did not report use of any supplement in neither the questionnaire nor any of 24-h recalls. The proportion of dietary supplement users according to the recall interviews was 51%.
Information on overall use of dietary supplements collected by the questionnaire compared with the 14 24-h interviews is shown in a 2 Â 2 table (Table 1) .
Multivitamins and vitamin C products were the most common dietary supplements (Table 2) . Vitamin A, Bvitamins, b-carotene, calcium, magnesium and zinc were used by less than 2%, (except for iron that was reported by 3.6% in the FFQ) (data not shown). Table 2 shows sensitivity, specificity, PPV and NPV for the FFQ compared to overall use of any as well as of specific dietary supplements (multivitamins, vitamin C, E, selenium and fish oil) reported in the 14 24-h recall interviews.
When altering the definition of a 'user' (use reported in at least three interviews) there were 38% users and the sensitivity increased from 78 to 93%, while the specificity decreased from 93 to 88%.
To look at age differences in quality of self-reports on use of dietary supplements in the questionnaire, we calculated sensitivity and specificity in two age subgroups. Among men aged 40-62 y, sensitivity was 86% and specificity 92%, while corresponding values among men aged 63-77 y were 70 and 95%.
Discussion
The overall sensitivity of the questionnaire to identify ever use of dietary supplements observed in our study was 77.7% and the specificity was 93.4%.
Two previous studies, one in the Netherlands and one in Japan, have reported a slightly lower overall sensitivity (65.9 and 75.0%, respectively) with a prevalence of 25.7% dietary supplement users among participants in the study from the Netherlands and 10% a year-round dietary supplement use in the Japanese study (Dorant et al, 1994; Ishihara et al, 2001) . The overall specificity in these two studies was 98.5 and 95.4%, respectively. The PPV (92.4%) was higher in the FFQ than the NPV (80.2%) in our study. This was true also for Dorant et al, who reported a PPV of 96.4% and a NPV of 82.7% (Dorant et al, 1994) . In contrast to our data, Ishihara et al showed a higher NPV (97.2%) than PPV (64.3%) (Ishihara et al, 2001) .
We can only compare our results for specific supplements with the Japanese study, since the study from the Netherlands did not present results for specific vitamins separately. In the study conducted by Ishihara et al, the sensitivity for multivitamins, vitamin C and E was 87.5, 81.8 and 88.9%, respectively, which was higher than ours (Ishihara et al, 2001) . However, specificity for these three supplements was comparable between our studies. PPV for multivitamins, vitamins C and E was, in the Japanese study, 53.8, 75.0 and 47.1%, respectively (Ishihara et al, 2001) . Hence, PPV was the same for vitamin C in our studies, and higher for multivitamins and vitamin E in our study.
Our data show that questions with prespecified types of supplements are more sensitive than open questions. Only The strength of our study is the large size of our random sample from the general population and reference method based on 14 24-h recall interviews, including every day of the week, twice during 1 y. However, recall interviews are not a perfect 'gold standard' for assessing supplement use. The method depends on the accuracy with which subjects remember and report their use; errors might arise if some supplements are not reported or if the 14 days do not capture irregular users. Furthermore, men who participated in all 14 interviews might be more health conscious and thus more attentive when filling in the food frequency questionnaire, which may lead to higher sensitivity in this group between the questionnaire and the interviews.
Today it is common in most industrialized countries to use dietary supplements (MacLennan et al, 1996; Messerer et al, 2001; Troppmann et al, 2002; Foote et al, 2003) , hence, it is important to assess total micronutrient intakes from diet and supplements in epidemiological studies. As shown in our study, dietary supplement use might be measured by a selfadministered questionnaire relatively well, especially when supplements are used more regularly.
